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NASSA TT F-10,932 

PRODUCTION OF POSITRONS DURING BOMBARDMENT OF THICK FOILS BY 
FAST ELECTRONS 

A. V. Baut in  and V. M. G a l i t s k i y  

ABSTRACT. The angular  d i s t r i b u t i o n  and out f low 
of photons and p o s i t r o n s  during t h e  bombardment of 
a l a y e r  of substance by f a s t  e l e c t r o n s  i s  inves t iga t ed .  
The r e s u l t s  obtained c l o s e l y  co inc ide  wi th  t h e  numerical  
c a l c u l a t i o n s .  

This  a r t ic le  i n v e s t i g a t e s  t h e  angular d i s t r i b u t i o n  and outf low of photons /126* 
and p o s i t r o n s  produced during t h e  bombardment of a l a y e r  of substance on t h e  
o rde r  of one r a d i a t i o n  u n i t  by f a s t  e l ec t rons .  
s a r y  i n  o r d e r  t o  design conver te rs  i n  those  cases when subsequent devices  

These c a l c u l a t i o n s  w e r e  neces- 

remove p o s i t r o n s  i n  a s p e c i f i c  angular  i n t e r v a l .  It i s  assumed t h a t  t h e  
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Figure  2. Function 5 = 45; Determin- 
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Determining t h e  Mean Quadra t i c  Angular 
Devia t ion  of E lec t rons  f o r  t h e  Follow- of Photons f o r  t h e  Following Parameter 
i n g  Parameter  Values E / E ~ :  

i n g  t h e  Mean Quadrat ic  Angular Deviat ion 

Values E/EO: 1 - 0.6; 2 - 0.7; 

1 - 0.6; 2 - 0.7; 3 - 0.8; 4 - 0.9. 3 - 0.8; 4 - 0.9. 

e l e c t r o n s  have energy on t h e  o rde r  of s e v e r a l  hundreds of megaelectronvol ts .  For 
accumulat ion purposes ,  pos i t rons  having a r a t h e r  h igh  energy E L0 .6E  are of 

interest, where E i s  t h e  energy of t h e  i n i t i a l  e l e c t r o n s .  The process  being 

s t u d i e d  may b e  descr ibed  by a system of i n t e g r a l  d i f f e r e n t i a l  equat ions which 
t a k e  i n t o  account t h e  r a d i a t i o n  processes  and repea ted  s c a t t e r i n g .  

0 - 

0 

An exact 

* Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  o r i g i n a l  fo re ign  text. 
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s o l u t i o n  of t h e s e  equat ions  by means of t h e  Laplace-Mellin method l eads  t o  
express ions  f o r  t h e  des i r ed  d i s t r i b u t i o n  func t ions  i n  t h e  form of contour  
i n t e g r a l s ,  which may b e  computed only on an e l e c t r o n i c  computer (Ref. 1, 2 ) .  

This  a r t ic le  develops a method which makes i t  p o s s i b l e  t o  determine t h e  
t o t a l  number of photons and p o s i t r o n s  p e r  u n i t  energy i n t e r v a l  and t h e  mean 
square  of t h e  angle  f o r  p a r t i c l e s  having a given energy. 
upon t h e  f a c t  t h a t  t h e  number of r ap id  pos i t rons ,  as w e l l  as t h e  number of 
photons e s s e n t i a l  f o r  t h e i r  formation,  is  s m a l l  a t  t h e  depths  under cons ide ra t ion  
t 3 1. Therefore ,  we  may employ an approximation of t h e  f i r s t  k ind ,  with 

which w e  may d i s r ega rd  t h e  arr ival  of e l ec t rons  due t o  t h e  formation of p a i r s ,  
and t h e  formation of quanta  wi th  pos i t rons .  

The method i s  based 

Af te r  t h e s e  are d is regarded ,  t h e  /127 
equat ions  of t h e  cascade theory of 
showers, w r i t t e n  f o r  t h e  d i s t r i b u t i o n  

p o s i t r o n s ,  may b e  broken down and may 
b e  solved success ive ly .  A s  a r e s u l t ,  
w e  have t h e  f i r s t  two moments P ( t ,E)  

and P1 ( t , E )  w i th  r e s p e c t  t o  t h e  angular  

v a r i a b l e  f o r  t h e  d i s t r i b u t i o n  func t ion  

P,,= [ j ( t ,  E ,  e) d ~ ;  

and t3* = P1/Po; dQ i s  an  element of 

5 func t ions  of e l e c t r o n s ,  photons,  and 

m 4  
0 

Q) aJ 
!4 

a $3 
T 

‘&2 f ( t , E , 0 ) :  

pi= \ e z / ( t ,  E ,  e ) m ,  

0 0,2 0,4 46 0,s t s o l i d  angle .  

The func t ion  5 = P /P determines 

t h e  mean quadra t i c  angular  dev ia t ion  
and is shown graphically in figures 
1 - 3 ,  r e s p e c t i v e l y ,  f o r  e l e c t r o n s ,  

t h a t  t h e  i n i t i a l  e l e c t r o n  energy equals  
200 MeV. 

G - - ph-7 
(+I (+I F igu re  3.  Function 5 

Determining t h e  Mean Quadra t ic .  
Angular Devia t ion  of Pos i t rons  f o r  t h e  
Following Parameter Values E/E 

1 - 0 . 6 ;  2 - 0 . 7 ;  3 - 0 . 8 ;  4 - 0 . 9 .  photons, and pos i t rons .  It i s  assumed 
0 :  

The r e s u l t s  ob ta ined  c l o s e l y  co inc ide  wi th  t h e  numerical  c a l c u l a t i o n .  For 
s m a l l  d e p t h s ( t  << l ) , t h e  express ions  f o r  t h e  mean squares  of t h e  angles  of 
d e v i a t i o n  of e l e c t r o n s ,  photons,  and pos i t rons ,  r e s p e c t i v e l y ,  assume t h e  follow- 
i n g  form: 

where E - 2 1  MeV; t is  t h e  depth i n  r a d i a t i o n  u n i t s .  k 

(No. 9 4 / 3 6 0 5 .  Received by t h e  e d i t o r s  February 3 ,  1966 .  Complete t e x t  
0 . 9  p . ,  4 f i g u r e s ,  14 c i t a t i o n s  i n  t h e  b ib l iography. )  
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